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I. INTRODUCTION 
1. Object and Scope 
The work described in this report is part of a continuing investigation 
which is concerned with the behavior of a simple span highway bridge model under 
the influence of a moving load. The purpose of the investigation is to perform 
tests on this model under controlled laboratory conditions, and to study syste-
matically the effects of the various parameters entering into the problem.. Of 
particular interest is the determination of the distribution of dynamic incre-
ments for moment and deflection across the width of the bridge for various speeds 
and transverse positions of the load. 
In this report are presented and discussed the results of a test pro-
gram involving a smoothly rolling loado The test structure is a simply supported, 
right, five-girder I-beam bridge model, and the load is a single-wheeled sprung 
vehicle" 
The parameters, whose effects were investigated, are the speed and the 
transverse position of the load. The same vehicle was used throughout the test 
program. Some exploratory tests were also conducted for the case in which the 
sprung part of the vehicle was oscillating vertically prior to entering into the 
span? bU.t the results of these tests are deBcribed in Ref. (1)*. The quantities 
measured were the deflections of the beams across midspan and the corresponding 
strains at the bottom of the beams. 
The test assembly is described in Chapter II.. In Chapter III are listed 
the dimensionless parameters influencing the dynamic response of I-beam bridges 
and the values of these parameters for the present test program. The results of 
* See list of references at the end of this report. 
2 
the static tests are presented in Chapter IV, and those of the dynamic tests are 
given and. discussed in Chapter Vo 
It should be noted that. this investigation is still in progress and 
that the test data have not been completely interpreted. Accordingly, the 
conclusions reached in this report should be regarded as tentative and. subject 
to modification in the light of the additional studies which are now under way. 
20 Notation 
The symbols used in this report are defined in the text where they are 
first introduced, and the most important ones are summarized in this section. 
~ modulus of elasticity of material in the beams 
Ib moment of inertia of effective cross section of a beam 
L span length of bridge 
T fundamental period of vibration of bridge 
v velocity of vehicle 
ex 
vT 
2L 
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II 0 TEST APPARATUS AND INSTRUMENTATION 
4 a Brid.ge Model 
The bridge model is a simply supported, right, composite I-beam 
structure with a length of 6 ft. 0 in. and an overall width of 3 ft. 0 in.} as 
shown in Figo 10 Built entirely of aluminum alloy 6061-T6, it consists of a 
o a09l ina thi.ck plate which is continuous over five identical beams spaced uni= 
formlyat 702 ino The plate proj,ects beyond the centerline of 'each edge beam a 
distance equal to one-half the beam spacing. 
The beams are rectangular in cross section with a depth of 1/2 inoand 
a width of 3/4 in., and they are connected integrally to the plate by means of 
an epoxy resin. The end supports for the beams consist of a steel roller at 
one end. and a stiff edge ground to a small radius at the other endo 
The weight of the model is 3703 lbs. To this weight the plate contri.-
butes 2300 Ibso and the beams 13.0 lbs. The remaining 1.3 lbso, assumed to be 
uniformly d.istributed along the length of the bridge, represent the weight of 
the gages and the lead wires. Additional information regarding the characteris-
tics of this model may be found in Ref.. (2). 
50 Test Vehicle 
Adia.gram of the test vehicle is given in Fig02. It is a single 
wheeled. carri.age consisting of a trolley, and a loading element. A detailed 
descr:i.pti,on of the trolley and the functions it serves is given in Ref 0 (2) 0 As 
shown in Figo 3J the load.ing element consists of: (1) an unsprung part that in= 
cludes the wheel and an axle with two platforms, one on each side of the wheel, 
(2) a sprung part consisting of the loading plate, and (3) two coil springs 
inserted. between the sprung and the unsprung parts. The loading element is 
capable of free vertical displacement. 
For the seri.es of tests reported herein" the total weight of the 
vehicle was 12.80 Ib 0 J distributed as follows: 
sprung weight.oooooooollo61 lb. 
weight of springs .. ooo 0016 lb. 
unsprung weightooooo •. 1.03 lb. 
4 
The total stiffness of the springs was 13021b./ino The weights of 
the var:1.ous components may be changed as desired .• 
6. Load.ing and. Supporting Apparatus 
A general view of the test apparatus is shown in Fig. 4. In addition 
to the brid.ge mod.el and the test vehicle alr'eady d.escribed" the experimental 
set up inclu.des ~ a pressure cylinCl.er 9ata:pult, a fixed. carriage track, two 
rails.? anCl an arresting device p The characteristics and function of 
these c.omponents have been O,escr:1,bed in Refs n (2) anCl (3) q For convenierl.ce.~ 
these are ve:!"y bri.ef:ly tn the following paragraphs q 
The mai.n :feature of the experimenta,1 set up is that the 'brid.ge can be 
as a so ths,t the wheel can be made to t:ra,vel 
so 
tha,t can be 
cata:pult of a 
and. a device 0 Set directly in wi.th cente:r of t,he 
it can be adjusted so that th,e center of the piston :r'od. a,nd. 
sh.cc'k,onabso:c"ber coin.ci.de wt th the center of grav:i.ty of the vehicle Q 
the exi.t of the wheel from the bri.dge, the carriage c,omes 
in contact with an alumi.num block placed between the rails and. connected. to 
them by means of fO'L:Lr tension springs • This device applies an ini,ti.al arrest= 
ing force to the carriage, which is finally brou.ght to a complete stop bY' a 
hyCLrau.l:ic arrester 0 
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70 Instrumentation 
The ~uantities measured in these tests inqluded: (1) strains at the 
bottom of the five beams at midspan., (2) deflections of the beams at midspan,? 
and (3) the speed of the carriageo The recording instruments and techni~ues 
were essential.ly the same as those used in previous studies of the Highway Bridge 
Impact Investigation and reported in Ref. (4). 
7'.1 Strain Measurements. Strains were measured by means of SR-4 
Type A-7 electric strain gages; these were placed. in pairs to boost the output 
from each locationo The output was recorded continuously by means of a magnetic 
oscillograph 0 The locations of the strain gages used are shown in Fig. 5. 
strains were calibrated at the beginning and the end of each roll of 
recording paper. This was done by means ofa series of shunting resistors para-
llel.ed. w'ith the active gages on each strain measuring channel. 
702 Deflection Measurements 0 Differential transformer ty~e deflection 
gages were used to record deflections 0 The record.ing itself was similar to that 
for strains 0 The records were calibrated by measuring with the aid of Ames di.als 
the static deflecti.ons of the beams at midspan due to the test veh:i.cle placed at 
mid.span over the beams and midway between the beams 0 The locati.onof the d.eflec~ 
t:i.on gages is shown i.n Figo 5. 
7'.3 Vehicle Position and .Speed. A time scale was inserted in al.l 
means of an electrical oscillator. Five contact-making posts indicated 
the vehi.c:l.e position as it crossed the bridge. Each closed ci.rcuit caused an 
abrupt change in the amplitude of the time trace. The speed of the carriage was 
determined from the time required to traverse the distance between the entrande 
and the midspan of the br:idge 0 
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1110 PARAMETERS INFLUENCING DYNAMIC RESPONSE OF SYSTEM 
80 General 
In all existing methods for analyzing the dynamic response of highway 
bridges,? the structure i.s idealized as a beam. As of this date, there is no 
exact theoretical solution. available which accounts for the two-dimensional 
characteristics of the structure. The list of parameters presented here is 
based on an approximate method.. Although it may be incomplete, this list is 
bel.ieved to include the most significant factors influencing the behavior of 
I=beam 'bridges under the passage of a smoothly rolling load. For convenience 
:i.t is presented in two groups. 
The quantities i.ncluded in the first group express the characteristics 
of the bri.dge and can be combined into the following dimensionless ratios ~ 
( The relative beam spacing, blL, in which b is the transverse 
spacing of the beams and L is the span of the bridge. 
(2) The relative flexural rigidity factor,? H, defined by the equa·~ 
H ( 
in 'v,rb.ich 
N EI 
In. these expressions J 
~ mod:u.lus of e.lastici ty of the material in the beams, 
:J 
Ib moment of inertia of the effective cross section of each beam,? 
E modulus of elasticity of the material in the plate, 
I moment of inertia per unit width of the cross section of the 
plate,? and, 
V Poisson Us ratio 0 
(3) The relative weight ratio, y, given by the equation, 
Weight of a width of slab equal to the beam spacing 
Y = Weight of one beam and its tributary slab 
7 
The parameters included in the second group express the characteris= 
tics of the vehicle or of the vehicle-bridge system and are as foll.ows~ 
(4) The weight parameter, R, defined as, 
( 5) 
R 
Total weight of vehicle 
Total weight of bridge 
The weight distribution parameter, R , given by the equation, 
w 
R 
w 
Weig'Q..t of sprung part of vehicle 
Weight of unsprung part of vehicle 
(6) The speed parameter, a, defined by the equation, 
vT a =-2L 
in which v i.s the velocity of the vehicle, T is the fundamental period of the 
'bridge and, as previously noted, L is the span of the bridge 0 
( The frequency parameter, ~, defined as, 
Natural frequency of sprung part of vehicle 
~ = Fundamental natural. frequency of bridge 
The torsi.onal rigidi t,y of the beams is assumed to be negligi"9le. 
It may be noted in passing that only param.eters (l.) and (2) are 
required to define the distribution of static effects in an I=beam bridge, 
parameters (4), (5), (6) and (7) are required in the analysis of 
the d.ynamic response of beams 0 
90 Va.lues of Parameters for Test Program 
J?or the test program described herein, the values of the fundamental 
parameters involved were as foll.ows~ 
b/L = 001 
H 508 
y 23083 37·3 0.64 
The following values were used in the computation of H: 
~ E = 107 Ib./ino 2 
Ib 0,,0291 in. 
4 
L 72 in. 
I 628 x 10-7in .3 
V 0032 
8 
The ~uantity Ib was taken to be the moment of inertia of a section composed of 
a beam and a width of plate on either side e~ualto half the spacing between 
beams a The ~uanti ty y was evaluated on the assumption that-, the weight of 103 Ib 0 
for the gages and the lead wires is distributed between the beams and the slab 
i.n proportion to their respective weights, i. eo, 13 and 23 Ib" 
The weight parameters w~re: 
R = 12080 = 0 34 37·3 · 
R = 11.66 = 10023 
w 1014 
The weight of the springs was added to the sprung and unsprung weights in the 
p:roport~l.on of 1/3 and 2/3, respectively. 
The speed parameter a was varied from 0 .. 06 to 0.17 for the majority 
of the tests 0 The natural fre~uency of the sprung load and the fundamental 
fre~uency of the bridge were as follows: 
Sprung Load Bridge Model 
Computed 3.33 cps 1000 cps 
Experimental 3.39 cps 1000 cps 
Thus!) 11 
9 
As noted in Ref. (2), the values of the fundamental parameters dis-
cussed in the foregoing paragraphs are representative of those for a 60-fto, 
non-composite I-beam bridge, composed of steel girders with a concrete deck and 
d.esigned for an H-15 or H-20 loading. However, there is the following dissimi-
larity between the "prototype" and the test structure. For the actual bridge 
the torsional rigidity of the beams relative to that of the slab is normally 
too small to be of any practical consequenc~. However, for the test model this 
factor is quite large and, as it will be noted later, it affects appreciably 
the distribution of loads in the bridge. 
Following the procedure used in Ref. (5), the torsional rigidity of 
the beams will be measured by the dimensionless parameter, k, defined by the 
equation, 
( 4) 
i.n which Gb and J b denote , respectively, the shear modulus of elasticity and 
the torsion constant for a beam, and band D are as previously d.efinedo For 
the test model k ~ 200 The corresponding value for the tfprototype" is of the 
order of 0010 
Additional parameters which affect the dynamic response of bridges, 
but whi.ch were not considered in the simplified analysis referred to above, 
include the damping of the vehicle and of the bridge and the condition of the 
surface of the bridge 0 The logari tbmic decrements of' .the bridge and the sprung 
load were determined experimentally to be equal to 0.041 and 0.10, respectively 0 
The d.ead load deflection of the bridge across midspan was 00147 in. 
For convenience of reference, the dimensions and physical character-
i.stics of the bridge and the vehicle are compiled in Table 1. 
TABLE I 
CHARACTERISTICS OF BRIDGE AND VEHICLE 
Bridge 
Beam spacing 
Length 
Thickness of plate 
Depth of beams 
Width of beams 
~ (oneoeam, composite section) 
Total weight 
Dead load deflection (measured) 
Fundamental natural fre~uency 
(eXperimental) 
Logarithmic decrement 
Damping factor, in percent of 
critical 
Vehicle 
Total load 
Sprung load (includes 1/3 of 
weight of springs) 
Unsprung load (includes 2/3 of 
weight of springs) 
Natural frequency of sprung 
load (experimental) 
Logarithmic Decrement 
Damping factor, in percent of 
critical 
7·2 
6.0 
0.091 
005 
0·75 
0.0291 
37·3 
0.147 
10.0 
0.041 
0.6 
12.80 
11.66 
1014 
3·39 
0.10 
1.6 
10 
in. 
fto 
in. 
in. 
in. 
in. 4 
lb. 
in. 
cps. 
lb. 
lb. 
lb. 
cps 
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IV .. STATIC EFFECTS ACROSS MIDSPAN 
10. General 
In this section are summarized the test results for static c.onditions 
of loading. The magnitude of the maximum static strains and deflections of the 
five beams at midspan were determined for five transverse positions of the load. 
These results were then compared with those predicted on the basis of the theo-
retical solutions given in Ref. (6). 
The strain data reported here were determined from crawl tests, 
whereas the deflection data were determined from stationary load tests, with 
the deflections measured by means of Ames dials 0 Typical crawl records for 
strain and deflection are presented in Fig. 6. Record (a) at the upper left 
end shows the variation of the strains at the bottom of the five beams at mid .... 
span as -the load moves slowly over beam B, while record (b) shows similar in-
formation for a load moving along a line midway between beams B and C. The 
deflection record corresponding to the latter position is given at the bottom 
of the figure. The vertical lines identified as "Entrance" and "Exit" mark, 
·respectively, the instants at which the vehicle enters and leaves the span. 
For all crawl tests the speed of the vehicle was about 3 ine/sec. 
In record (a) the trace for beam B is typical of that obtained for 
a beam directly under the load. Similarly, in record (b) the traces for beams 
Band C are typical of those obtained for a beam one.~·half the beam spacing 
away from the load. It is noted that as the distance between the beam and 
the load increases, the sharpness of the peak in the strain trace for that 
beam decreases. For a beam located one or more beam spacings away from the 
load, the shape of the strain diagram is approximately sinusoidal. The deflec-
tion traces in (c) are typical of those obtained for any transverse position of 
the load on the bridge. 
12 
110 Test Resul.ts 
The test results are summarized in Tables II and 1110 In Table II 
are given values of strain at the bottom of the five beams at midspan for loads 
at midspan 0 Transversely, the load. was applied over beams A, Band C, and over 
lines midway between beams A and B and between beams B and Co The two latter 
positions are d.esi.gnated by the symbols .Al? and BC, respecti velyo The corres-
ponding deflections are given in Table 1110 
These values are averages of six or more measurementso For strains 
lower than 100 ~-ino/ino, the maximum difference between the average and an 
individual measurement was 3 jJ.~ino/i.no The absolute maximum difference of 
4 jJ.=ino/ino was obtained for beam A when the load was applied over the same 
beamo For deflections, the highest deviation from the reported average values 
was two thousand.ths of an inch or less in all instances 0 
Prior to o'btaining the d.ata given i.n Table II,? strains at the bottom 
of the beams at mid.span had been measured for stationary loads by means of a 
Sanborn strain-gage amplifier 0 These measurements have been presented in 
Ref 0 (3) 0 Comparing the results obtained and the loads used in the two ca.seS,q 
one finds that the two sets of measurements do not agreeo In an effort to 
ascertain the source of the discrepancy, additional tests were performed with 
stationary load.s in whi.ch strains were mea.sured with a portable strain indica-
toro The latter measurements were found to be in good agreement with the 
values obtained. from the crawl tests;; indicating that the calibrations for 
the d.ata presented. i.n Ref 0 (3) must have been in error 0 
Strai.ns and deflections were also measured with the load applied 
over beams D and Eo These measurements showed that values which because of 
symmetry should have been identical were, in fact, e~ual to each othero 
TABLE II 
STATIC STRAINS IN BEAMS AT MIDSPAN FOR LOAD AT MIDSPAN 
( ~ - in 0 / in 0 ) 
Transverse Strain at Bottom of Beam 
Position 
o:fLoad A B C D E 
A 166 71 42 19 12 
AB 115 99 50 23 18 
B 70 129 61 37 21 
BC 52 89 93 41 30 
C 37 56 124 56 39 
TABLE III 
STATIC DEFLECTIONS OF BEAMS AT MIDSPAN FOR LOAD AT MIDSPAN 
(Thousandths of an inch) 
Transverse Deflection of Beam Posi-tion 
of Load A B C D E 
A 133 89 54 32 18 
AB 109 92 61 40 27 
B 87 92 68 47 34 
BC 71 82 77 57 44 
C 55 69 82 68 56 
13 
14 
120 Influence Lines for Moment and Deflection 
From the data presented in Tables II and III influence lines have 
been prepared for moment in and deflection of the beams at midspan, fora 
concentrated load applied across midspan. These results are represented by 
the solid curves in Figs 0 7 and 8, respectively. Moments are expressed in 
terms of PL and deflections in terms of PL3/EbIb , where P denotes the magnitude 
of the concentrated force. 
Moments were computed from measured strains by use of the ordinary 
flexure formula for beams, 
--E 
c 
and, as previously mentioned, they were expressed in the form, 
M 
In these equations, cr and E represent, respectively, stress and strain, Ib 
represents the moment of inertia of the effective cross section of the beam 
as previously defined, and c denotes the distance from the neutral axis of 
the effective cross section to the fiber at which the strain was measured. 
(h) 
'-I 
Substitution of ECl. (5) into Eqo (6) yields the following expression for the 
computation of the influence coefficient for moment, 
i 
m 
Wi.th the values given in Table I and c 
i 
m 
where E is expressed in ~-in./in. 
KT X£ PLc Eo 
i , 
m 
Influence coefficients for deflection, i d , were obtained from 
measured. deflectio~s 6 by use of the expreSSion, 
15 
(8a) 
whichJ upon substitution of the appropriate values of the various parameters, 
becomes J 
( 8b) 
Here~ ~ is expressed in inches. 
The presentation of the strain data in the form of influence coeffi-
cients for moment is justified only on the assumptions that (1) the structure 
is symmetrical with respect to the longitudinal centerline, (2) moments and 
deflections are linear functions of load, (3) the flexure formula () = M /1 is 
c b 
applicable, and (4) the values of the section modulus and moment of inertia 
are constant and. equal for all beams. Only assumptions (1), (2) and (4) are 
necessary in the computation of the influence coefficients for deflection. 
That assumption (1) is justified has already been mentioned. The appli.cability 
of assumption (2) was also verified for the range of d.eformations involved in 
the present test program. The remaining two assumptions obviously are not 
stri.ctly valid. For the magnitude of the load used, the longitudinal strains 
at the top of the plate were too small to be reliable. Because of this fact, 
no attempt was made to investigate from s.uch measurements the degree of 
approX:imation involved in these assumptionso 
13. Comparison with Theoreti.cal Results 
It is of interest to compare here the experimentally determined 
i.nfluence l.ines with those obtained from the theoretical results given in 
Ref. (6). In making this comparison it should be kept in mind that the theore-
tical solutions are based on a number of simplifying approximations which may 
not be entirely permi.ssible for the test structure. Specifically, in these 
solutions the influence of composite action is taken into account approximately 
16 
by using an effective moment of inertia for the beams. It is also assumed that 
the beams offer no torsional restraint and that Poisson's ratio for the slab 
is equal to zero. The actual value of Poisson's ratio is considered only in 
the evaluation of the flexural stiffness factor, H. 
Influence coefficients for moment and deflection are given in Ref. (6) 
for values of H equal to 0.5, 1, 2, 5, 10, 20 and infinity. Determined :from 
these data by graphical interpolation, the results for H = 5.8 are presented in 
dashed lines in Figs. 6 and 7. It is noted that the theoretical influence 
lines differ considerably from those determined experimentally. The maximum 
values of the experimental curves are consistently smaller than those of the 
corresponding theoretical curves, the difference between the two sets of 
results becoming most pronounced for a load applied over an edge beam. 
This discrepancy between theory and experiment is attributed to the 
fact that the theory used does not consider the torsional rigidity of the beams. 
We are now in the process of obtaining solutions in which the effect 
of torsion is taken into account 0 On the basis of the results obtai;ned to a.ate, 
it can be said that these solutions will prove to be in very good agreement with 
the experimental data. The results of this study will be presented at a later 
date 0 
140 Comparison of Influence Lines for Moment and Deflection 
In Fig. 9 the experimentally determined influence lines for maximum 
static moment in the beams at midspan are compared with the corresponding 
influence lines for deflection. To provide a common basis for comparison, 
moments are expressed in terms of the total static moment at midspan, PL/4, and 
deflections are expressed in terms of the quantity PL3/48~Ib. As one might 
have predicted from theoretical considerations, the influence lines for deflec-
tion are more nearly uniform than the corresponding influence lines for moment. 
17 
V. DYNAMIC TESTS 
150 Description of Test Program 
Tests were conducted with the load moving directly over beams A, B, 
C and over lines AB and BC 0 For those tests for which the load was directly 
over a beam, the speed parameter a was varied from 0006 to 00170 This range 
of values of a corresponds to truck velocities from about 32 mph to 90 mph on 
a prototype structure having a 60-ft. span. For positions of the load between 
beams, the range of a values considered was from 0010 to 0.17. About 22 
different pressure settings in the catapult were used to cover the range of 
speeds when the load was over a beam, and about 15 when the load was between 
beams 0 Duplicate runs were made for each pressure setting. For each run 
strains and deflections were recorded simultaneously 0 
Although equal increments of pressure in the catapult were taken 
during the tests, the corresponding increments ofa were not uniform on account 
of energy losses which could not be controlled. For the same reason, identi.cal 
pressure settings did not produce identical speeds in the vehicle. 
1.60 Test Procedure 
Each series of tests was commenced with the alignment and leveli.ng 
of the model to the desired position. The gap between the approach track and 
the model was held at about 0.002 in. horizontally and at less than 000012 :ino 
vertically 0 The significance of these figures will become apparent later 0 
During the early stages of the test program the fundamental frequency 
of the model was determined for each series of testso The procedure used con= 
si.sted of depressing by hand the center of the bridge and releasing it suddenly, 
whereupon strains and deflections of the beams at midspan were recorded 0 This 
frequency is needed to determine the value of the speed parameter ao However, 
18 
this practice was discontinued as the value of the fundamental frequency was 
for all practical purposes constant" A sample record of a free vibration test 
of the bridge is shown in Fig. 10. Included in this figure is also a free 
vibration record of the sprung load. 
Two crawl tests were performed at the beginning and at the end of 
each roll of recording paper and at intervals of from 12 to 16 test runs. This 
large number of crawl tests was necessitated by the fact that the magnitude of 
the trace excursions for a given effect was not constant because of electrical 
drift in the recording instruments. The manner in which this drift was taken 
into account in the reduction of the records is discussed in Section 18. 
170 Presentation of Results 
17.1 General. Typical dynamic records of strain and deflection are 
presented in F~gs. 11 and 12. The records at the upper part of these figures 
show the variation of the strains at the bottom of the five beams at midspan' 
as the load crosses the span over beam Bo The remaining records show the 
variation of t1:e corresponding deflections. The vibration of the beams for 
a short time after the carriage has left the span is also indicated in these 
records. The curves in Fig. 11 are fora value of a = 0.147, while those in 
Figo 12 are for a value of a= 0.161. Scales for the various traces are given 
at the left end of each record. The time scale applicable to each figure is 
al.so indicated. 
The general characteristics and the quality of the records given in 
Figso 11 and 12 are representative of those obtained for all transverse posi-
ti.ons of the load and the entire range of speeds considered in the present 
test program. 
In Fig. 13a is shown the variation of strains in the five beams as 
the vehlcle moves over beam A. The value of the speed parameter a= 001600 
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Replotted from the original records, these curves are drawn to a common scale 
so that the relative magnitude of strains in the various beams can readily be 
compared. Also, in order to provide a basis for comparing the magnitude of 
the dynamic effects, the results of crawl tests have been included. These are 
shown by the dashed lines. Similar curves are presented in Figs. 13b and 13c 
for a load moving over beams B and C, ~espectively. Except for an insignifi-
cant difference in the third decim&l place, the value of the speed parameter 
is the same for the three positions of the load. Corresponding records for 
deflection are given in Figs. 14a through 14c. 
In Figs. 13c and 14c only three sets of curves are presented because, 
with the vehicle moving over beam C, the effects produced in beams A and B "Were 
for all practical purposes identical to those produced in beams 'E and D, re-
spectively. 
In the reproduction of these curves, high fieCluency waves present in 
the original records were disregarded. The significance of this omission may 
be appreCiated by comparing the curves given in Figs. 13b and 14b with those 
given in Fig. 12. The latter represent the original records from which 
Figs 0 13b and 14b were reduced. 
17 . 2 Characteristics of Strain and. Deflection Records. The follow-
ing observations can be made with regard to the results presented in Figs. 11 
through 140 Unless noted differently, these remarks apply also to all the 
other records obtained in the present test programo 
(1) Each dynamic trace is characterized by a well defined oscillation 
about a IYmeanlf curve having the general shape of the corresponding crawl traceo 
The predominant freCluency of this oscillation is of the order of the natural 
frequency of the bridge, or about 10 cycles per second. 
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(2) The "mean" curves do not, in general, coincide with the corres-
ponding crawl curves. The greatest difference betwef:n the tv10 curves occurs 
in an edge beam when the load is placed over that beam. For a load applied 
over the central beam, the difference between the two curves is approximately 
the same for all the beams, where.as fQ:r a, load applied over an edge beam the 
difference decreases rapidly with increasing distance from the load. 
(3) Possibly the most striking ,characteristic of these records is 
the fact that, irrespective of the transverse position of the load, the oscilla-
tions in the strain and deflection traces for the various beams are in phase 
with one another. This is true both while the vehicle is on the span and also 
after it has left the span. In other words, until the vibration is completely 
damped the five beams oscillate in phaseo 
(4) The longitudinal position of the load for which the deflection 
or strain of a beam* is maximum depends on the particular effect considered and 
on the transverse distance between the load and the beam. In general, the maxi-
mum deflection of all five beams occur simultaneously when the load is away 
from midspano This is true for all transverse positions of the load. If the 
load is over a beam, then the maximum strain in that beam occurs when the load 
is at midspan, whereas for all the other beams it occurs when the load is 
approximately at the position for which the deflections are maximum. If the 
load moves along a line between beams, then, in general, the maximum strains 
in the beams contiguous to the load occur when the load is away from midspan, 
but not as far away from it as may be true for the remaining beams. 
The results described in item (4) can be explained in terms of the 
Observation made previously to the effect that each dynamic trace can be 
* Throughout this and the remalnlng sections, it is to be understood that the 
deflections and strains (or moments) referred to are those occuring at midspan. 
21 
considered to be the combination ofa curve having the general shape of the 
corresponding crawl trace and an oscillatory curve of constant fre~uencyo It 
follows then that the location of the maximum value should depend not only on 
the speed of the vehicle (i. e., the number of waves present in the trace), but 
also on the shape of the crawl curve. If within a certain region the crawl 
curve is fairly flat, the combined maximum value in that region will occur at 
the point at which the component oscillatory curve is maximum. If, on the 
other hand, the crawl curve has a sharp peak, then the combined maximum is 
likely to coincide with the location of the peak, unless of course the contri-
bution of the oscillatory curve is ~uite large. 
l7~3 Excitation of High Fre~uency Waves. In the presentation and 
discussion of the dynamic records: thus far, the reader r s attention has been 
focused on the most predominant oscillations which have a fre~uency of the 
order of 10 cps. It should be noted that several of the records included oscil-
lations of higher fre~uencies. Such oscillations were found only in the strain 
records. In general, they were of fairly small amplitude and their contribution 
to the value of the maximum strain was for all practical purposes negligible. 
However, it is of interest to review here the characteristics of these oscilla-
tionso Random disturbances of a very high fre~uency and very small amplitude, 
lilhich can best be attributed to electrical "noise ll of the recording instruments, 
are not included in this discussion. 
To a very large extent the conditions at the entrance of the model 
seemed to be responsible for the excitation of this high fre~uency vibration. 
Mention has already been made of the maximum limits set for the vertical and 
horizontal distances between the approach track and the bridge model. When-
ever these limits, particularly the one referring to the vertical distance, 
were exceeded, the high fre~uency oscillations became noticeable. 
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The strain records in Fig. 15 are presented as an illustration of 
this point. The two sets of traces were obtained under almost identical condi-
tions. The magnitude, transverse position, and speed of the load were identical, 
but the conditions at the entrance differed slightly. For the test run corres= 
ponding to the traces in the upper part of the figure, the distances at the 
entrance were somewhat in excess of the limits referred to previously, while 
for the run corresponding to the traces at the bottom of the figure these 
limits were properly met. In spite of the fact that the scales for (a) and 
(b) are not the same, the differences between the two sets of records can 
readily be appreciated. 
The high fre~uency oscillations in the upper record are representa-... 
tive of those excited by discontinuities at the bridge entrance. They have a 
complex appearance, are most pronounced when the vehicle first enters the span, 
and damp out rapidly. Even when they were more pronounced than those shown 
in. Fig. 15a, these high fre~uency waves had no influence on the value of the 
maximum strains recorded, as they were completely damped out by the time the 
vehicle reached midspan. 
Some of the strain records included high fre~uency oscillations of 
an entirely different typeD These oscillations were excited during the passage 
of the vehicle over the bridge rather than by the discontinuity at the entrance. 
Representative examples of such oscillations are shown in Fig. 16. The strain 
traces in (a) are for a load over beam A and a value of ex = 0.169; those in (b) 
are for a load over Be and a value of ex = 0.142. 
The high fre~uency waves present in these traces are fairly syste-
mat:ic; the amplitude of the waves increases from a negligible value at the 
origin to a maximum value at about the first ~uarter point of the span and 
then diminishes. In some of the records, the amplitude was found to increase 
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again beyond midspan; however, the highest value between midspan and the exit 
was consistently lower than that at about the first quarter point. 
These waves are in phase for all five traces and have a predominant 
frequency of approximately 9 times the f'undamentalfrequency of the bridge, or 
about 90 cps. It appears that these waves correspond to a mode of oscillation 
for which the bridge vibrates essentially as a single beam with three half-sine 
waves along the length of the spano 
It is important to note that oscillations of this type were most pro-
nounced and most consistently found in the records obtained with the load moving 
over beam A, especially for the higher range of speeds. For other positions of 
the load they were present at random, and for load position B they could not 
be detected at all. Oscillations of this type were not observed in any of the 
records :for which ex was less than about 0.100 
18. Maximum Effects at Mid,span as a Function of Speed 
The principal results of this investigation are summarized in Figs. 17a 
through l8d.o In Figso 17a through 17d are plotted influence coefficients for 
maximum d.ynamic moment in the five beams at midspan as a function of ex for five 
transverse positions of the load. For example, the results given in Figo I7a 
are :f.or a load moving .over beam Ao Similar plots :for maximwn d.ynamicdeflec-
t:i.ons are given in Figs 0 l8a through l8d.o To avoid. possrble ambiguity.? when-
ever the test data f'or two different beams are close to each other, they are 
id.enti:fied. d.ifferently 0 
Included in these figures for purposes of comparison are also the 
values o:f the maximwn static moments or deflections at midspano The difference 
·between the ordinate of a given point and the ordinate of the corresponding 
static quantity represents the dynamic increment for maximum effect 0 
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The following procedure was used to compute the values given in 
these figures 0 For convenience we refer to a single trace of a particular 
dynamic record: (1) The maximum excursion of the dynamic trace was measured 
to the nearest hundredth of an inch 0 (2) The corresponding static excursion 
was then determined from the two crawl records obtained immediately before 
and after the particular dynamic test considered. Since the maximum excursions 
for the two crawl records were generally not identical, an interpolated value 
was usedo Found to be small in.all instances,the difference between the two 
crawl read.ings was assumed to be a linear function of ·the number of dynamic 
runs included between the crawl tests. (3) From these 'luantities the ratio of 
the maximum dynamic effect to the corresponding static effect was evaluated. 
(4) In the case of strains, this ratio was multiplied by the appropriate value 
in Table II to obtain the magnitude of'the dynamic strain in IJ,-in./in. For 
d.ef'lections the values in Table III wers" .used insteado (5) Strains were final.ly 
converted into moments and expressed in terms of PL by use of EQo (Tb) 0 Deflec-
ti.ons were expressed in terms of, ;PL3/~~ by use of cEq. (8b). 
In general, the reproducibility of the test results is 'luite goo.d 
for the low and medium ranges of speed 0 However, even for the high range the 
experimental scatter is not considered to be excessive. 
The test data summarized in Figs. 17a through 18d yield curves of 
an undulati.ng nature I) Regardless of the transverse position of the .load, 
these curves have the same shape and .are approximately in phase with one 
another 0 In general, the Hamplitude!Y and the HperiodH of the undulations 
increase as the speed parameter a increaseso These trends are similar to 
those fOlmd in corresponding tests on simply suppOrted prismatic beams 0 
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190 Distribution of Dynamic Increments Across Midspan 
1901 Presentation of Results 0 One of the principal objectives of 
this study was to evaluate the transverse distribution of dynamic increments 
for maximum moment and deflection of the beams across midspano From an exami-
nation of the results presented in Figs., ITa through lSd, it can be seen that 
the distribution ofa particular effect depends primarily on the transverse 
position of the load on the bridge and, to a lesser extent, on the speed of 
the vehicleo 
The effects of these factors can more conveniently be seen from the 
plots such as those given in Figs .. 19a through 1ge. In the upper part of 
Figo 19a is shown the distribution of the deflection increments for a load 
moving over beam A, whereas at the lower part of this figure is shown the 
corresponding distribution of moment increments 0 The particular values of ex 
cOTI.sidered are representative of the medium and high ranges of speed, and were 
selected because duplicate tests were available for these speeds. The results 
of i.ndi vidual tests are designated by dots and the average values are connected 
by straight lines. In Figso 19b through 1ge is presented similar information 
for load positions AB, B, BC and C, respectively. 
It can be seen from these figures that the distribution of dynamic 
increments is generally non-uniforme The most nearly uniform distribution is 
obtained in the case of deflection increments when the load is applied over the 
central beam. The maximum dynamic increments occur in an edge beam when the 
load. is directly over that beam. 
In the discussion thus far the dynamic effects have been expressed 
as dynamic increments 0 If instead, they are expressed in the form of dynamic 
(or impact) factors, that is as a ;percentage of the corresponding static effects, 
the r'esulting distributions will be entirely different 0 As an illustration, in 
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Table IV are summarized the results for a load applied over beam A and a value 
of a = 00177. The values given are the averages of duplicate tests. It is 
noted that whereas the dynamic increments are largest for the beam under the 
load and decrease with increasing distance from the load, the trend for the 
dynamic factors is exactly the opposite. The fact that the dynamic factors are 
not the same for all the beams is equivalent to saying that the maximum dyna-
mic effects are not proportional to the corresponding static effects. 
Beam 
A 
B 
C 
D 
E 
TABLE IV 
COMPARISON OF DYNAMIC INCREMENTS AND DYNAMIC FACTORS 
FOR MOMENT AND DEFLECTION 
Load Over Beam A; a = 0.177 
Midspan Deflection Midspan Moment 
Absolute in Per Cent Absolute in Per Cent 
Terms of PL3 /~Ib of Static Terms of PL of Static 
0.0022 27 00020 17 
0.0017 31 0.016 31 
0.0013 40 0.013 43 
0.0010 51 0.009 64 
0.0008 68 0.006 67 
19.2 Discussion. One might be tempted to attribute the shape of 
the diagrams presented i:nFigs .. 19a 'and 19b to the excitation of the 
torsiona.l (first antisyrnmetrical) mode of vibration of the structure. However, 
this explanation does not appear to be justified by the test da.ta. For, had 
the torsional mode of vibration been' excited to any appreciable extent, the 
deflection and/or strain traces would have included waves of a frequency 
approximately equal to the natura~ frequency (:)if' the torsional mode of vibration. 
These waves would have been most pronounced in the traces of beams A and E, and 
they would have been absent from those of beam C. The natural frequency of the 
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torsio:nal mod.e was estimated analytieally* to;.beabout 17 cps~, Waves of such 
a frequ.ency were not detected in any of the records. Furthermore, for a load 
moving over beam A the oscillations in the strain and deflection traces for 
beams C and, E were almost identical. One is forced to conclude that, insofar 
as the present tests are concerned, the contribution of the torsional mode of 
vi,-b:cation was for all practical purposes negligible. 
It is impossible, without the aid of a theoretical solution which 
ccrnstd.ers the two-dimensional nature of the structure, to explain the detai.led 
of the diagrams given in Figs. 19. In the absence of such a solution, 
l.t ... s only possible to attempt to interpret the results in an approximate, 
qu.aIj~tati.ve manner 0 The ind:i,cations are that the transverse distribution of 
max:Lmwll dynamic increments for a given effect can be thought of as the combina= 
t10:(1 of two components: one having a fairly uniform distribution and the other 
the distribution of the corresponding static effect. The first compo-
cect :ts attributed. to the effect of the vibration of the bridge in its funda~ 
n1f:::c.tal T!lode 0 In other words , it is the effect produced by the inertia forces 
G."LL2 to the acceleration of the mass of the bridge itself, and it will be denoted. 
i:1fl tlte ~~:f.ree vibration increment f! 0 Designated as the ll crawl increment 11, the 
ee,~,on.d c:omponent is attributed to the effect of a concentrated force equal in 
to the difference between the weight of the vehicle and the maximum 
the reaction between the vehicle and the bridge. Because of the 
* Several attempts were made to determine this frequency experimentally, but 
these :proved to be unsuccessful. The procedure used consisted of deflecting 
b,8,:nd the two edge beams in opposite directions and releasing them at about 
the same time., whereupon continuous records were obtained of the resulting 
strains in the beams 0 However, the desired frequency could not be determined., 
&'s the bridge tended to oscillate in its fundamental mode. It is intended to 
eV8,1'uat~e this frequency by means of forced vibration tests. 
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vertical acceleration of the mass of the vehicle, the latter force is greater 
than the vehicle weighto 
It may be recalled that in Figs 0 13 and 14 the "meanYV curves do not 
coincid.e with the corresponding crawl curves 0 The difference between the 
maximum values of these curves- is equal to the crawl increment referred to 
above~ Part of the crawl increment is due to the dead load deflection of the 
bridge 0 Indeed, if the surface of the model were horizontal, the magnitude of 
the crawl increment would have been smallero 
Strictly speaking, the separation of the effects of the inertia 
forces associated with the mass of the brid.ge from those associated with the 
mass of the vehicle is not justified, since the two effects are not indepen= 
dent of one another 0 The interpretation given here represents an oversimplifi-
cation of a complicated :situation" and it is admittedly crudeo However, it 
d.oes hel.p to descri"be reasonably well the general characteristics of the 
results 0 
The foregoing interpretation works best in the case in which the 
maximum effects in all the beams occur simultaneously 0 Inasmuch as the maximum 
momerrts in the beams do not generally occur at the same time, this interpreta= 
tion is not as satisfactory for moment increments as it is for deflection 
increments 0 An extreme example of this fact is provided by the lowermost curve 
i.n F~igo 1ge 0 In this case the maximum moment in the beam under the load occurs 
when t,he load. is at midspan.? but in all the other beams it occurs when the 
load is at a distance of 0006 L from midspano Consequently, for the beams 
away from the load. the dynamic increment is the combination of the crawl incre-
ment and the maximum positive value of the free vibration incremento However, 
for the beam under the load the crawl increment combines with the maximum 
negative value of the free vibration componento 
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The results described in this section apply to the particular mod.el 
tested and .are not necessarily vali.d:for structures of' different characteri.stic;s 0 
200 Amplification Factors for Maximum Effects 
The term amplification factor denotes the ratio of the dynamic effect 
at a specified poi.nt of' the structure to the corresponding static effect 0 Of 
special interest are the amplification factors for absolute maximum effectso 
From the influence lines given in Figso 9 it can be seen that the 
maximum static effect in a beam occurs when the load is directly over that 
beamo With one exception to be mentioned in the following J the corresponding 
dynamic effects occur for the same transverse position of the load 0 
In Figso 20a through20c are given amplification factors for maximum 
deflection and moment in beams A" B and Cas a function of speed 0 In each 
case the load is directly over the particular beam considered.o The experimen= 
tal. data are shown as dots with average li.nes drawn to emphasize the trend,s 0 
Dotted. lines are uS.ed for those ranges ofa for which the test data .are insuffi-
cient to defi.ne accurately the shapes of the curves 0 
In order to permit a direct comparison.!' the three curves for deflec~ 
tiOIl are reproduced in the upper part of Figo 21J and. the corresponding curves 
for moment are reproduced in the lower part of this figure 0 Fbr the high range 
of speed.s the maximum deflection. in beam B occurs when the load is over beam A 
instead of" over beam B; thus J the curve identi.fied as B d.oes not correspond 
to the a-bsolute maximum effect 0 The latter effect is represented by the cur.ve 
B*o It is noted that the amplification factors for maximum deflection are 
general.ly greater than those for moment 0 
2.10 Inf1:uence Diagrams for Maximum Dynamic Effects 
The solid line in Figo 22a represents an influence line for d,ef.lec~ 
tion at midspan of beam A due to a static load at midspano The dots represent 
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dynamic influence coefficients for maximum dynamic def'lectionat the same 
point.. Two different speed ranges are considered: the full dots represent the 
averages of all the available test data for a range of speed parameters from 
a = 0.160 to 0.170; the circles represent corresponding results for a range 
of a from 0.135 to 001450 Similar information for beams B and C is given in 
Fig. 22b. 
Influence diagrams for maxiniumdynamic moment, similar to those 
given for deflection, are presented in Figs. 23a.and 23h. 
When there are several loads on the bridge, it is physically apparent 
that the vertical motion of each load, and consequently-the force which it 
exerts on the bridge, depend.s on the motions of the other loads 0 In other 
words, the law of superposition is ~ot valid in this case. It follows that 
for moving loads the influence lines cannot, strictly speaking, be used to 
predict the effect of multiple wheel loads, as it is possible to do for static 
loads. 
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VIo CONCLUSION 
22. SummaryofRestuts 
This investigation was concerned with the experimental determination 
of the d:ynamic effects produced in a simple span highway bridge model when 
traversed by a smoothly rolling sprung vehicle moving at a constant speed. 
With one exception, the characteristics of the test model are representative 
of those of an actual, non-composite, I-beam bridge having a span of about 
60 fto and composed of steel girders and a concrete deck. The principal dif-
ference between the model and the.Hprototype tl arises from the fact that for 
the test model the torsional rigidity of the beams relative to that of the 
slab is much greater than that for the tfprototypeti D 
The parameters whose effects were studied were the speed and the 
transverse position of the vehicle. Continuous records were obtained of mid-
span strains and midspan deflections for the five beams, considering·five 
different transverse positions of the load and values of the speed parameter 
a from 0006 to 0017 for the majority of the tests. This range of values of 
a corresponds approximately to truck velocities of from 32 mph to 90 mph on 
the ~Yprototype n structure 0 
The principal test results are summarized in Figso 17a through 18d, 
wherein the maximum dynamic deflections and moments are plotted as a function 
of ao Amplification factor diagrams for absolute maximum deflection and 
absolute maximum moment of the beams are given in Figo 210 It is noted that 
for the range of speeds consid.ered the peak amplification factor for deflec-
ti.on is about 103,. whereas the corresponding value for moment is about 1.20 
For these tests, the dynamic effects appear to be almost exclusively 
associated with the excitation of the fundamental mode of vibration of the 
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structure 0 Even for a load moving over an edge beamJ the contribution of the 
torsional (first antisyrnmetrical) mode o~ vibration did not become noticeableo 
The transverse distribution of dynamic increments for maximum de-
flection and moment across midspan can most conveniently be seen from the 
diagrams given in Figs 0 19a through 1ge 0 The maximum increments occur in an 
edge beam when the load is directly over that beam 0 In general,? the increments 
for a particular effect are neither uniformly distributed across the width of 
the bridge nor are they distributed in proportion to the corresponding maximum 
static effect 0 The results of the present tests indicate that the transverse 
distribution of dynamic increments for a particular effect consists approxi= 
mately of the superposition of two components~ one having a fairly uniform 
distri'bution arid the other having thedistributi.on of the corresponding static 
effect 0 The first component is attributed to the free vibration of the brid.ge 
in its fUndamental mode, whereas the second is attributed to the effect of 
the added. force exerted by the vehicle due to the vert:i.cal acceleration of its 
masso 
In all existi,ng method.s of solution of the bridge vibration problem, 
the two-dimensional characteristics of the structure are ignored. and the 
bridge is represented by a .beamo In the absence of a rigorous theoreti,cal 
solution,? it would be of interest to compare the test data with those predicted 
on the basis of a beam theoryo Such a comparison is now in progress;; and the 
resu.lts of thi,s effort will be presented at a later date 0 
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